This paper investigates whether off-shoring promotes technological specialization by reallocating resources towards high-tech industries and/or stimulating within industry R&D.
Introduction
The phenomenon of off-shoring, the foreign outsourcing of intermediate inputs, 1 has often been associated with negative labour market outcomes, such as lower wages and higher unemployment rates for unskilled workers in the off-shoring countries (Wood 1995 , Jones and Marjit 2001 , Hijzen et al. 2005 , Bloom et al. 2015 . The more recent phenomenon of service off-shoring has also generated concerns over possible negative consequences on high and intermediate skilled workers, who represent a large share of employment in the service sector (Freund and Weinhold 2002) .
This paper looks at off-shoring from a different perspective which has been less investigated in the empirical literature but can have an effect on countries' long-term performance: the impact of off-shoring on the pattern of specialization. The sources of specialization are crucial drivers of a country's international competitiveness and growth performance and they have frequently been the target of major industrial policies, aimed at developing strategic sectors. 2 Understanding how new developments in trade are changing specialization is therefore of primary interest to economists and policy makers.
Early assessments of the relationship between off-shoring and specialization are provided by Jones and Kierzkowski (1990) and Jones and Marjit (2001) . These contributions suggest that the breaking up of production into different components opens new possibilities for exploiting 'gains from specialization', particularly when technological advances strengthen these trends by reducing costs (for example in telecom services) and weakening the importance of geographical distance. 3 If unskilled labour-intensive activities are transferred to a foreign country, the average skill intensity of the remaining home activities will rise (Barba Navaretti and Falzoni 2004) . This would bring particularly high gains for the home country if off-shoring induced a transfer of national resources towards more high-tech and knowledge intensive production. On theoretical grounds, this consideration is compatible with the Heckscher-Ohlin (HO) model: by accessing cheaper inputs from abroad, companies in skill intensive countries will restructure production towards more skill intensive tasks (Glass and Saggi 2011) . Some evidence in this respect is provided by Bloom et al. (2015) with reference to the increasing exposure of the US to Chinese imports of both final and intermediate goods. 4 This study shows that the intensification of the USA-China trade relationship is positively related to productivity and patenting activities. In a similar line of argument, Görg and Hanley (2011) find a positive relationship between service outsourcing and innovation in Irish companies. However, a detailed analysis of the mechanisms that govern the relationship between off-shoring, specialization and R&D is still missing from the literature.
This paper investigates these mechanisms using a panel of seventeen industries for eight OECD countries (Denmark, Finland, Germany, Italy, Japan, Netherlands, UK and USA), observed over the 1990-2005 period. Our data set includes both manufacturing and service industries, providing a comprehensive analysis of the changes in countries' industry structure. Our analysis uses three measures of off-shoring: within-industry off-shoring, material and service off-shoring (Feenstra and Hanson 1999) . The measure of within-industry off-shoring is a narrow indicator that refers to imports of intermediates from foreign firms operating in the same sector. As such, this definition of off-shoring is particularly suitable to capture the effect of industry fragmentation on specialization, a phenomenon that has sizeably increased over the last few decades (Feenstra and Hanson 1996) . The measures of 4 The main message derived from this study is that increasing import competition from China in final goods induces technological change and reallocation of employment towards more productive tasks. The same effect is also taking place when there is intensive off-shoring to China, which releases resources towards patenting activity and thus spurs productivity of US firms.
material and service off-shoring are considered as broad indicators, i.e. they are composed of imports of intermediate materials and services from any foreign industry. Using these three indicators allows us to explore the effects on specialization from all possible off-shoring strategies.
Figure 1 shows average trends in within-industry off-shoring in our data set.
Industries are divided into high-tech and low-tech, following the OECD/Eurostat definition.
The figure clearly shows that, from the mid-1990s, off-shoring has been an increasingly popular practice within the group of high-tech sectors. Therefore, the key question is whether international outsourcing has driven changes in specialization, and in particular through which channel this impact operates, i.e. whether by favouring resources reallocation towards high-tech industries or by delivering productivity gains, for instance through greater efforts in R&D activities.
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To analyse the impact of off-shoring on specialisation we develop an analytical framework which accounts for off-shoring and the traditional drivers of specialization, i.e.
productivity advantage (Ricardo) and factor endowments (Heckscher-Ohlin). The main assumption is that off-shoring affects specialization via two channels: an endowment and a productivity channel. The endowment channel follows from a recent contribution by Baldwin and Robert-Nicoud (2014) , which integrates off-shoring within the Heckscher-Ohlin theory.
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In this setting, the productive services of foreign factors are allowed to migrate to the home nation while being paid foreign wages, implying that off-shoring can be regarded as "shadow migration". Under this perspective, one can consider off-shoring as an additional endowment next to the standard set of nation-wide factor supplies. The productivity channel investigates whether there is a positive relationship between off-shoring and productivity performance, as discussed in Hanson (1996, 1997) , Grossman and Rossi-Hansberg (2008) and Daveri and Jona-Lasinio (2008) , among others. 6 This positive relationship is a consequence of cost-saving strategies, pursued via off-shoring (Deardorff and Staiger 1988, Markusen and Venables 1999) , and the reallocation of resources to more productive tasks in the home country (Farrell and Agrawal 2003, Bloom et al. 2015) .
The modelling framework outlined above examines whether off-shoring leads to a redistribution of resources across industries. However, off-shoring is also likely to lead to a redistribution of resources within industries, by promoting investments in high value added activities. Recent evidence at the firm level shows that companies who off-shore parts of their production are more innovative and profitable (Görg and Hanley 2011) . Here we examine this relation in a multi-country setting by using a model which expresses R&D expenditure as a function of our off-shoring measures, next to other standard covariates.
To summarize, our analysis tests the following main hypotheses:
H1: Off-shoring directly drives specialization across sectors by re-allocating resources away from low-tech towards high-tech industries.
This hypothesis is investigated using the endowment channel. Our expectations are of a positive and significant effect of the off-shoring endowments in the high-tech industries.
H2: Off-shoring drives specialisation by improving within-industry productivity.
This hypothesis is tested using the productivity channel, and aims to understand whether greater productivity gains induced by off-shoring feedback into specialisation patterns. A corollary of Hypothesis 2 forms Hypothesis 3, which directly relates off-shoring to investments in R&D:
H3: Off-shoring promotes investment in R&D.
We test H3 by estimating industry-level R&D intensity equations.
Our results for the endowment channel show that material off-shoring is beneficial for the expansion of several high-tech industries, providing support to Hypothesis 1. The size of the effect is not trivial. For example, in the transport equipment industry a 1 standard deviation increase in material off-shoring leads to 0.5 standard deviations increase in value added shares. The role of service off-shoring in the endowment channel is less relevant.
However, the productivity channel reveals that service off-shoring plays a relatively more important role in increasing within-industry productivity, partly via its positive impact on R&D intensity. Narrow off-shoring has a limited effect on productivity and a predominantly negative impact on R&D intensity. This supports the notion that narrow off-shoring is primarily pursued for cost-reduction motives and explains why firms have in-shored significant portions of their core activities in the years following the financial crisis, when uncertainty and costs associated with international fragmentation of production increased significantly (Ancarani et al. 2015) .
The paper is structured as follows: Section 2 illustrates the key features of the analytical framework used to identify the endowment and productivity channels and the relation between off-shoring and R&D intensity. Section 3 describes the data and presents the main trends in specialization, off-shoring and R&D intensity. Section 4 discusses the econometric strategy, describing the identification issues in our three models and the instrumental variable strategy we pursue. Section 5 presents our results and Section 6 concludes the paper.
Theoretical framework

Endowment and productivity channels
The empirical identification of the endowment and productivity channels starts with a neoclassical set-up (Dixit and Norman 1980, and Kohli 1991) that identifies a country's GDP as a function of final goods prices and factor endowments. The modification of the national revenue function results in a reduced-form model, identical to the Rybczynski equation that describes each industry's output share to GDP as a function of industry-specific productivity and national factors endowments (Harrigan 1997 ).
More specifically, we consider a small open economy that produces I final goods, indexed by i, using a set of factor endowments J index by j. The production technology is subject to constant returns to scale and both product and factor markets operate under perfect competition. In equilibrium, the economy maximises national output. Assuming a translog national revenue function, we can derive a relationship that describes industry i's output share to GDP as a function of nation-wide factor endowments, productivity parameters and final good prices (Dixit and Norman 1980 , Woodland 1982 , Kohli 1991 and Harrigan 1997 , , , 
In the empirical implementation of the above model, productivity parameter θ is approximated by a Relative Total Factor Productivity (RTFP) index, while the within-country cross-industry productivity effects are captured by the cross-industry average RTFP.
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The first channel for identifying off-shoring effects on specialization is to include offshoring in the pool of national endowments that each industry has access to. This is defined as the endowment channel and builds upon Baldwin and Robert-Nicoud (2014) proposition 7 In related works, such as Harrigan (1997) , cross industry productivity effects are captured by individual industries' relative TFP. We adopt a more parsimonious modelling, which is justified on the econometric ground, due to the larger number of industries included in the analysis. See also Cadot and Shakurova (2010) for a similar adjustment.
that off-shoring can be viewed as shadow migration and thus it can be included within the vector of national endowments V. Our model distinguishes between material and services offshoring. Therefore, the empirical counterpart of equation (2) is written as (common time dummies are omitted for sake of simplicity): 
In equation (3 Combining equations (4) and (2) we estimate the effects of off-shoring on specialisation via the productivity channel, on the basis of the two following equations: 
x
Equations (5.1)-(5.2) identify productivity shifts over time as a function of off-shoring. We assume that off-shoring activities contribute to a more efficient reallocation of resources, which is expected to impact positively on industry's productivity, thus increasing output shares to GDP (Hypothesis H2).
Off-shoring and R&D intensity
Exploring further the off-shoring effects on productivity, we consider whether off-shoring contributes directly to a reallocation of resources towards standard drivers of productivity such as R&D (Griliches 1992 
where d c and d t are a set of country and time dummies respectively, and G is off-shoring. The notation is the same as in equations (4) and (5) where z denotes the type of off-shoring and z i is the coefficient of interest.
9 If off-shoring promotes investments in R&D, as assumed in our third hypothesis (H3), we expect this coefficient to be positive and statistically significant. To maintain consistency with our benchmark theoretical specifications (1) and (2), we estimate equation (6) for each industry separately after pooling observations across countries and years.
Measurement and Data Issues
Our empirical analysis is based on a sample of seventeen industries (twelve manufacturing industries and five service industries) for the US, Japan and six EU countries (Denmark, Finland, Germany, Italy, Netherlands and UK). The estimation of equations (3), (5.1), (5.2) and (6) requires substantial prior work to construct industry specific and country specific variables. This section provides definitions of variables and illustrates the main trends in offshoring, specialization and R&D.
Off-shoring Measures
The construction of the off-shoring indicators follows the methodology described in Hanson (1999, 2003) . We start by defining the following measure of total off-shoring (TOS): ,, 1 ,, ,,
9 Eq. 14 also includes a R&D tax credit variable at the country level as this is usually considered to be an important determinant of R&D investment decisions (Thomson 2013 (Crinò, 2008) .
Given that we distinguish between materials and services off-shoring (MOS and SOS, respectively), expression (8) is further disaggregated into:
,, 1 ,, ,,
The measures above are defined as broad indicators of off-shoring, as they include purchases of intermediate inputs (either material or services) from all foreign industries. A more narrowly defined indicator is obtained by considering only within-industry transactions (narrow off-shoring). This measure captures the overseas transfer of parts of the production process which could have been performed in house. 10 The narrow indicator (NOS) is defined as follows:
,, ,, ,,
where industry i denotes the foreign partner of domestic industry i. Data on total imports distinguished by goods' type come from Bilateral Trade Database (various releases); for services trade we refer to OECD EBOPS database which, whenever necessary, has been integrated with UNCTAD series. All variables are expressed in current USD using OECD bilateral exchange rates.
The importance of using both broad and narrow measures of off-shoring is to investigate whether different types of international outsourcing have different effects on specialization. Figure 2 shows the main trends in the three off-shoring variables for each industry. It shows that movements in the three indicators are quite heterogeneous. Material off-shoring declined between 1990 and 2005 in most industries. Relatively high levels are still observed in the rubber and plastic industry and in the high-tech sectors (machinery, electrical equipment and transportation equipment). The latter sectors require highly skilled tasks (design/semiconductors) but also labor intensive activities (assembly) which can be easily transferred to low-wage countries (Jensen 2008) . Service off-shoring has increased substantially in high-tech industries, while changes in the low-tech production have been more modest. The only exception is transport services, which experienced a strong reduction in service off-shoring, although this was over compensated by a large increase in narrow off-shoring, as shown in the last section of Figure 2 . Narrow off-shoring increased in all hightech industries as larger parts of their production moved abroad. The sector that more heavily relied on this practice is chemicals, which presented the highest level of narrow off-shoring over value added throughout the whole period, followed by electrical equipment and transport equipment. Low-tech industries were not immune to the use of narrow off-shoring, although a major increase can only be observed in transport services.
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Value added, Technology and Factor Endowments
The EUKLEMS data base is our main data source for value added at the industry level and for the construction of our technology measure. Following Caves et al. (1982) , Van Ark et al.
(1993) and Harrigan (1999) , technology is proxied by a Total Factor Productivity (TFP)
index. TFP in each country is expressed relative to a hypothetical reference unit to keep consistency with our theoretical derivation in equation (1). The hypothetical unit is the geometric mean of TFP in the eight countries in each industry. Hence, RTFP (Relative Total Factor Productivity) is given by:
log log log (1 ) log log
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In eq. (12) R&D expenditure data for the estimation of equation (6) is the increase of R&D intensity in several traditional industries such as food and beverages, textile and rubber and plastics. A possible explanation for this trend is that these industries had to adopt innovative technologies that significantly improved their product quality, in an attempt to move towards higher segments of the market and thus avoid the low cost competition from developing countries Mejean 2014, Bloom et al. 2015 ).
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Econometric strategy
The estimation of the endowment (eq. 3) and productivity channels (eqs. 5.1 and 5.2) requires addressing the issues of heterogeneity and endogeneity. Since we are interested in how country specialisation changes in response to off-shoring, our estimation is carried out industry by industry for each specification and hence sectoral heterogeneity is fully accounted for. However, neglecting country effects could lead to biased coefficient estimates. We therefore include country fixed effects in all specifications to control for unobserved, time invariant heterogeneity across nations. In addition we also include time dummies to account for exogenous time varying unobservable effects on specialization that are common across countries.
In Harrigan's (1997) seminal paper the issue of endogeneity was not specifically addressed as factor endowments are regarded as exogenous with respect to variations in industry specialisation. However, the relative productivity term is likely to pose more serious endogeneity concerns. In fact, it is possible that changes in value added shares determine variation in relative TFP (Frantzen 2008) , as firms may specialise in certain productions anticipating significant increases in technology (and productivity) levels. To address this endogeneity issue we use a set of variables (instruments) that satisfy the two conditions for instrument validity: they have to be related to the endogenous variable (RTFP) while, at the same time, being orthogonal to the error term (and hence to value added shares). Possible candidates are the lagged values of relative TFP, under the assumption that these are uncorrelated with the errors at time t. However, relative TFP is highly persistent in the majority of industries, which invalidates its use as an instrument.
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Finding good external instruments is a particularly challenging exercise, as (exogenous)
factors driving TFP are likely to be industry specific. The advantage of our regression framework is that it exploits cross-country variation in the data to explain changes in industry share of GDP. This allows us to construct a large set of instruments, reflecting several country-specific characteristics (institutional setting, regulation policies, geographical characteristics, etc.) that have been found to be related to TFP in the earlier literature. We then select, for each industry, a subset of instrumental variables that satisfy the relevance and orthogonality conditions, as detailed by the outcome of the two main tests for instrument validity routinely produced by econometric software, i.e. the Kleinbergen-Paap LM test of under-identification and the Hansen J test of over-identification.
An important source of our instrument set is the CANA (cross-country analyses of national systems) data base (Castellacci and Natera 2011) . This dataset is a collection of cross-country data from different sources, adjusted to eliminate missing observations, using multiple imputations. From this data set we select variables belonging to three dimensions:
innovation and technological capabilities, economic competitiveness, and infrastructure. (2000) . Similarly, restrictive regulation in the use of service intermediates reduces the potential for TFP growth, as shown by Bourlès et al (2013) . Moreover, productivity improvements can be achieved in the presence of well-defined rules on IPRs as these promote innovations (Aghion et al. 2015) .
The estimation R&D intensity equation (Equation 6) may also be affected by reverse causality. In fact it is likely that the increase in off-shoring has been the result of innovation, particularly for service off-shoring, and therefore we cannot rule out the possible impact of R&D on off-shoring Hanley 2011, Bartel et al. 2005) . We therefore instrument off-shoring using infrastructure variables, a corruption perception index and an indicator of tariffs, quotas and control on exchange rates, which are naturally related to off-shoring. It is reasonable to assume that these indicators, while closely related to off-shoring, are exogenous to industries' decision to invest in R&D as these are mainly driven by technological factors rather than corruption and tariffs.
Econometric results
The Endowment Channel
We begin our analysis with the estimation of Equation ( The effect of service off-shoring is weaker compared to material off-shoring, as it plays a significant role only in a handful of industries. This is per se an interesting outcome as it indicates that material and service off-shoring do not have a homogeneous effect on specialization. This outcome is consistent with Crinò (2012) , where the effect of service and material off-shoring have a different impact on the demand for skilled and unskilled workers.
[ Overall these results provide some support to our first hypothesis, i.e. off-shoring is reallocating resources towards high-tech industries, although with two caveats. First, one the largest high-tech industries, business services, is negatively affected by material off-shoring; second, several low-tech industries also benefit from increasing off-shoring of intermediate materials.
Given that our variables are expressed in different units of measurement, to get a better idea of the size of the effect, we derive standardized coefficients, reported in Appendix Table A .3. These shows that, where positive, one standard deviation increase in material offshoring leads to between 0.15 and 0.60 standard deviation increase in the value added shares, and this effect is in several cases larger than the impact of relative productivity. Although traditional factors such as capital and labour are still the main drivers of specialization, offshoring is also responsible for important changes in the industrial structure of OECD countries.
The Productivity Channel
This part of the analysis refers to the productivity channel where RTFP is expressed as a function of industry-level off-shoring, equations (5.1) and (5.2). In this section we also refine the treatment of off-shoring, differentiating between broad measurements of off-shoring such as material and services ( and ) and intra-industry (narrow) off-shoring, ( ). Broad and narrow off-shoring measures are entered separately in equation (5.2) in order to avoid possible collinearity.
As in the previous section we implement an instrumental variable estimator. In the first stage RTFP is regressed on the set of instruments described in section 4, next to our offshoring measures at time (t-1). 16 In the second stage, value added shares are regressed on the predicted RTFP values and economy wide factor endowments. The main results relative to the off-shoring coefficient in the first step, and to RTFP in the second step are presented in Tables 2 (for narrow off-shoring) and Table 3 (for material and service off-shoring), together with a set of identification tests. The full set of coefficient estimates is presented in Appendix Tables A.4 and A.5.
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Our findings show that narrow off-shoring has a positive and significant effect on RTFP in two high-tech industries (machinery and transport equipment). In the low-tech sectors, the effect is positive in the majority of industries although coefficients are statistically significant only in four of them (food, textile, wholesale and retail and financial intermediation). Table 3 shows that materials and service off-shoring are often characterised by opposing signs across industries indicating that potential productivity gains depend on the type of off-shoring activity undertaken. Our results are consistent with recent evidence from Michel and Rycx (2014) for a sample of Belgium industries during a very similar time span.
Only two industries significantly benefit from both types of off-shoring (textile and rubber and plastic). Service off-shoring has more widespread positive impact on productivity, 16 We include the predetermined values instead of the contemporaneous ones to control for the possible endogeneity of off-shoring in the first stage regression. Tables 2 and 3 show that productivity improvements are driving specialisation mainly among high-tech sectors, while the effect is negative or insignificant in low-tech ones, with only a couple of exceptions. This implies that countries are experiencing a technological specialization, driven by productivity improvements in high-tech industries.
However, these improvements are only marginally related to off-shoring.
Overall, results from the estimation of the productivity channel provide weak support to hypothesis 2, i.e. off-shoring drives specialisation by improving within industry productivity. A possible explanation for these results is that off-shoring is likely to require organizational and restructuring costs at the firm level hence potential gains from these interindustry (input-output) transactions take relatively longer to be capitalised. Another possibility is that off-shoring practices have an indirect impact on productivity via their effect on those activities that ultimately drive TFP dynamics. For this reason, in the next section we investigate the nature of the association between off-shoring and R&D, a widely acknowledged determinant of productivity performance. If the channel of transmission of the productivity effects of off-shoring is through R&D, results in Table 2 and 3 would not exclude a negative association between R&D intensity and off-shoring, in contrast to the prediction of H3.
Off-shoring and industries' investments in R&D
The estimation of the productivity channel reveals that the impact of industry off-shoring is taking place mainly within rather than across industries; here we explore this industry effect further by testing hypothesis 3, : Off-shoring promotes investment in R&D, using equation (6). Most empirical evidence so far suggests the presence of positive effect of off-shoring on R&D and innovation. Görg and Hanley (2011) find that off-shoring positively affects R&D expenditure over sales in Irish companies. Dachs et al. (2015) use a more comprehensive definition of innovation distinguishing between R&D personnel, introduction of new products and advanced process technologies. Using firm level data for 7 EU countries, they
show that the positive impact of off-shoring affects all innovation types.
Equation (6) is estimated separately for the narrow and broad off-shoring indicators.
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To simplify the discussion of our results, Table 4 shows the estimated coefficients for all offshoring measures. The full set of results is in Appendix Tables A.6 and A.7. Results in Table   4 reveal that there is considerable heterogeneity in the way off-shoring affects industries' decision to invest in R&D. Narrow and material off-shoring have a predominantly negative effect, hence rejecting our third hypothesis. Service off-shoring, on the other hand, plays a positive role in increasing R&D intensity in three high-tech industries (electrical equipment, post and telecommunications and business services) and two low-tech sectors (wood and manufacturing nec). Hence only for this handful of industries our evidence is in line with existing empirical studies. These results are consistent with those in the productivity channel, where we found that only service off-shoring has a positive impact on RTFP. Results in Table   4 are robust to different specifications of the R&D equation and to the choice of different instrumental variables.
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This predominantly negative association suggests that R&D and off-shoring act as 17 We also estimated a specification including the three off-shoring variables and the results were consistent with the ones presented in Table 4 . We prefer to treat narrow and broad off-shoring measures separately for consistency with the estimation of the specialization equation. 18 We also estimated Eq. 6 using OLS introducing offshoring at time (t-1) to control for endogeneity, as well as with an IV regression using lagged levels of off-shoring as instruments. Results are consistent to those presented in Table 4. substitute rather than complementary factors. A similar result is found in Karpaty and Tingvall (2015) , who argue that off-shoring is mainly pursued for cost minimization purposes.
Another explanation for the negative impact of off-shoring on R&D is that the increasing international fragmentation of production reduces plant-level economies of scale (Barba Navaretti and Falzoni 2004) and/or minimizes feedback of technical information from foreign plants to domestic research labs (Narghavi and Ottaviano 2009).
[ 
Conclusions
This paper provides an analysis of the impact of off-shoring on specialization and R&D intensity and investigates whether off-shoring is fostering specialization towards more technologically advanced production patterns. We first construct two testable regression frameworks, which identify the impact of off-shoring via an endowment and a productivity channel. As a corollary of these two frameworks we also test a third hypothesis which postulates a positive relationship between off-shoring and R&D. Looking at the endowment channel, we find that material off-shoring has a positive impact on the output share of the majority of high-tech industries, a result that supports our main hypothesis. However, several low-tech industries also benefit from material off-shoring.
Estimation of the productivity channel provides weak evidence of a positive impact of off-shoring on productivity. The final part of our analysis suggests that this loss of productivity may be caused by a negative impact of off-shoring on industries' R&D intensity.
Only service off-shoring increases R&D intensity in some sectors and, as a result, we have to reject at least partially our third hypothesis. Industry heterogeneity and different effects across the off-shoring measures prevent us from drawing stronger conclusions. This is not totally unexpected as related evidence on off-shoring in particular, and trade openness in general, has generated various contradictory conclusions in the recent literature. 19 It is also possible that the level of aggregation of our data might be the cause of this negative result as the existing empirical evidence of a positive relation between off-shoring and R&D is based on firm level data.
Our results therefore indicate that the weak effect of off-shoring on R&D stems from myopic behaviour of the firms, which might focus more on short-term cost gains rather than on restructuring and addressing resources towards more innovative activities. This motive explains the reason why firms revised these practices of internationalisation as a consequence of the fall of the markets following the financial crisis, re-shoring at home parts of the tasks relocated abroad.
19 See, for example, the literature on the declining trends in labour shares where there is an open debate on the relative importance of trade openness (Gushina 2006 , Elsby et al. 2013 ) versus technology (Hutchinson and Persyn 2012 
FIGURE 1
International fragmentation of production, 1990-2005, percentage of industry value added (cross-country average) Note: The graph is drawn from the sample of eight countries used in the present study. See Section 3 for full data description. Notes: GMM estimates with HAC standard errors in parentheses. *Significant at 10%; **significant at 5%; ***significant at 1%. Standard errors in parentheses. Country fixed effects and common time dummies are included in all equations. For each industry we have 128 observations. The R 2 ranges between 0.78 in Financial Intermediation, and 0.99 in Wholsesale and retail. The KP is the Kleibergen-Paap underidentification test of the null hypothesis that the excluded instruments are irrelevant. HJ is the Hansen J overidentification test of the null hypothesis that the instruments are uncorrelated with the error term. P values for these tests are reported in brackets. GMM estimates with HAC standard errors in parentheses. *Significant at 10%; **significant at 5%; ***significant at 1%. Country fixed effects and time dummies are included in all equations. The first step also includes a subset of external instruments. The full list of instruments is presented in appendix table A.1. KP is the Kleibergen-Paap underidentification test of the null hypothesis that the excluded instruments are irrelevant. HJ is the Hansen J overidentification test of the null hypothesis that the instruments are uncorrelated with the error term. P values for these tests are reported in brackets. Table A .5 in the Appendix for the full set of estimates. KP is the Kleibergen-Paap underidentification test of the null hypothesis that the excluded instruments are irrelevant. HJ is the Hansen J overidentification test of the null hypothesis that the instruments are uncorrelated with the error term. P values for these tests are reported in brackets. P-values of Hansen test are reported in square brackets. Country fixed effects and common time dummies are included in all equations. *Significant at 10%; **significant at 5%; ***significant at 1%. Notes: GMM estimates with HAC standard errors in parentheses. We exclude Wholesale and Retail sector as they do not report any narrow off-shoring variables. Country fixed effects and common time dummies are included in all equations. *Significant at 10%; **significant at 5%; ***significant at 1%. Hansen J overidentification test of the null hypothesis that the instruments are uncorrelated with the error term. RTFP=Relative TFP. AVGRTFP=cross-industry average RTFP. K=Capital. SK=Skill labour. UNSK=Unskilled labour. *Significant at 10%; **significant at 5%; ***significant at 1%. Notes: GMM estimates with HAC standard errors in parentheses. Country fixed effects and common time dummies are included in all equations. KP is the Kleibergen-Paap underidentification test of the null hypothesis that the excluded instruments are irrelevant. HJ is the Hansen J overidentification test of the null hypothesis that the instruments are uncorrelated with the error term. P values for these tests are reported in brackets. Dependent variable: R&D expenditure over value added. B-index (in logs) is used as proxy for R&D tax credit. *Significant at 10%; **significant at 5%; ***significant at 1%. Notes: GMM estimates with HAC standard errors in parentheses. Country fixed effects and common time dummies are included in all equations. KP is the Kleibergen-Paap underidentification test of the null hypothesis that the excluded instruments are irrelevant. HJ is the Hansen J overidentification test of the null hypothesis that the instruments are uncorrelated with the error term. P values for these tests are reported in brackets. Dependent variable: R&D expenditure over value added. B-index (in logs) is used as proxy for R&D tax credit. Material and Service Off-shoring are instrumented with a set of external variables. *Significant at 10%; **significant at 5%; ***significant at 1%.
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